We have examined the antibody response to Helicobacter pylori lipopolysaccharides (LPS) in humans. We used sera from patients with gastroduodenal diseases and healthy adults infected or not infected with H. pylori. Data from the experiments for antibody binding to LPS suggested that the polysaccharide chains from many H. pylori strains showed high immunogenicity in humans. Sera from most (above 70%) H. pylori-infected individuals contained immunoglobulin G (IgG) antibodies against the polysaccharide region highly immunogenic H. pylori LPS. The IgG titers of individual serum samples that reacted strongly with highly immunogenic LPS were quite similar (r 2 ‫؍‬ 0.84 to 0.98). The results suggest wide distribution among H. pylori strains of a highly antigenic epitope in the polysaccharide moieties of their LPS. Also, the similarity in the titers of individual serum samples against highly immunogenic LPS points to the existence of epitopes sharing a common structural motif. However, some strains showed low antigenicity, even those with polysaccharidecarrying LPS. The dominant subclass of IgG that reacted with the highly immunogenic LPS was IgG2, which was preferentially raised against polysaccharide antigens. Recently, a structure that mimics that of the Lewis antigens was identified in the O-polysaccharide fraction of H. pylori LPS; however, no correlation between antigenicity of the polysaccharide chain in humans and the presence of Lewis antigens was found. The IgA and IgM titers against H. pylori LPS seemed to be mostly nonspecific and directed against lipid A. In a few cases, however, sera from individuals infected with H. pylori gave strong IgA and IgM titers against the highly immunogenic polysaccharide. In conclusion, the LPS of many H. pylori strains possess an antigenic epitope in their polysaccharide regions that is immunogenic in humans. However, our results show that the antigenic epitope is unlikely to be immunologically related to structures mimicking Lewis antigens.
Helicobacter pylori is an emerging candidate for the genesis of chronic gastritis and peptic ulcer (12, 14) . Furthermore, H. pylori infection is thought to be one of the causative factors of gastric cancer (10, 15) . Recently, extensive structural and immunological studies of H. pylori lipopolysaccharides (LPS) have been carried out. The O-polysaccharide region of H. pylori LPS has been found to be a major antigenic determinant (13) , as are those of other typical bacterial LPS. Interestingly, many H. pylori strains have O-polysaccharide containing epitopes that mimic the structures of Lewis antigens, as shown by chemical (6, 7) and immunological studies (2, 3, 18, 20, 23) . The Lewis antigens, which are made up of fucosylated lactosamine structures, are known as tumor antigens on cancer cells, and in normal cells they occur as blood-group antigens and a granulocyte marker antigen (CD15). Hence, the immunological response to the Lewis antigen-containing O-polysaccharides is considered to play a role in the pathogenicity of H. pylori through the establishment of an autoimmune response (3) . We have been interested in the antigenicity of H. pylori LPS during natural infection in humans. We present data which suggest the existence of an antigenic epitope, immunologically unrelated to the Lewis antigen, in the polysaccharide moiety of the LPS of a wide range of H. pylori strains.
Bacterial strains. Clinical strains of H. pylori were isolated from the biopsy specimens of lesions obtained from patients with chronic gastritis, gastric ulcer, duodenal ulcer, and gastric cancer (tumor sites and nontumor sites) in the Sapporo Medical University Hospital (Sapporo, Japan). After three to five laboratory subcultures, H. pylori cells were grown on brain heart infusion agar plates supplemented with 10% (vol/vol) horse blood at 37°C for 5 days under microaerophilic conditions by using the GasPak System without a catalyst (BBL, Cockeysville, Md.). The organisms were collected, washed with phosphate-buffered saline (PBS) three times, and lyophilized.
Human sera. Sera of 25 patients with chronic gastritis, gastric ulcer, duodenal ulcer and gastric cancer and sera of 83 healthy adult volunteers were donated by the Hospitals of Sapporo Medical University and Akita University School of Medicine (Akita, Japan). The status of H. pylori infection was determined by using an enzyme immunoassay kit, Determiner H. pylori Antibody, originally distributed under the name HM-CAP by Enteric Products (Westbury, N.Y.) and purchased from Kyowa Medics (Tokyo, Japan). With this kit, the serum samples of 24 of 25 patients and 21 of 83 healthy adults were found to be positive for H. pylori infection.
IgG response to H. pylori LPS. We examined the human antibody response to LPS isolated from H. pylori strains by enzyme-linked immunosorbent assay (ELISA). For most ELISA experiments, proteinase K-treated bacterial cells were used as an LPS antigen (2, 24) . Briefly, H. pylori cells were suspended in sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer (11) at a concentration of 2 mg/ml and incubated at 100°C for 10 min. Two hundred microliters of proteinase K (2.5 mg/ml) was added, and the mixture was incubated at 37°C overnight and then at 65°C for 2 h. The resulting antigen was diluted 50-fold with 50 mM sodium carbonate buffer (pH 9.6), and aliquots were dispensed into a MicroTest III flexible assay plate (Becton Dickinson, Oxnard, Calif.). The plate was incubated at 4°C overnight, and after the reaction was blocked with 1% human serum albumin, the plate was used for ELISA (24) . For purified LPS preparations used as coated antigens, an LPS preparation which was purified as described previously (1) was dissolved in 50 mM sodium carbonate buffer (pH 9.8) at a concentration of 5 g/ml and then dispensed onto an assay plate. Human serum was diluted 3,000-fold with PBS containing 0.05% Tween 20 (PBST) and 2% human serum albumin. Horseradish peroxidase-conjugated goat F(abЈ) 2 anti-human immunoglobulin G (IgG) antibodies (BioSource International, Camarillo, Calif.) and tetramethylbenzidine peroxidase substrate system (Kirkegaard & Perry Laboratories Inc.) were second antibody and substrate, respectively. Absorbance at 450 nm was measured after the termination of the reaction with 1 M phosphoric acid. The results of two ELISAs, with purified LPS and proteinase K-treated cells used as antigens, and immunoblotting analysis (24) were comparable.
We found that H. pylori strains could be classified into three groups on the basis of the level of antigenicity of their LPS in humans (24) . One group possessed high-antigenicity-polysaccharide-carrying smooth LPS. The second group had low-antigenicity-polysaccharide-carrying smooth LPS. Most H. pyloriinfected individuals did not have an antibody titer against the low-immunogenicity LPS even though the LPS carried the polysaccharide chains detected by SDS-PAGE and silver staining (24; data not shown). The third group was characterized by the presence of rough LPS (e.g., CG10). We examined samples for correlation between the levels of IgG in individual serum samples for each type of LPS ( Table 1 ). The levels of IgG for highly immunogenic H. pylori LPS derived from strains CG7, CG9, GU2, GU10, DU1, and DU2 were strongly (r 2 ϭ 0.84 to 0.98) related. These results indicated that the antigenicities of all the highly immunogenic LPS were nearly the same. However, no significant correlation was observed between the titers of IgG for high-immunogenicity LPS, low-immunogenicity LPS (CA2, CA4, and CA6), and rough LPS (CG10). From the above results, we consider that the antigenicity of H. pylori LPS in humans can be expressed by the mean values of the binding activities to LPS in randomly selected serum samples from H. pylori-infected individuals. The results of ELISA using 10 randomly selected serum samples are shown in Fig. 1 . LPS of H. pylori clinical isolates showed various antigenicities. Among them, all the rough strains tested so far showed low antigenicity. The phenomenon is attributable to the antigenic epitope located in the polysaccharide chain. Interestingly, low-immunogenicity LPS, even those with the polysaccharide chain, were frequently found in strains derived from gastric cancer patients. In conclusion, there are high-and low-antigenicity-polysaccharide-carrying LPS among smooth strains of H. pylori.
Many H. pylori strains are known to express Lewis antigen structures as a part of the O-polysaccharide chain of LPS (2, 3, 20, 23) . Therefore, we determined if the antigenicity of the LPS correlated with the presence of Lewis antigens. The antigenicity of LPS was determined as described above. The presence of structures mimicking the Lewis antigens in LPS was determined by immunoblotting analysis with monoclonal antibody specific for each Lewis antigen described previously (2) . Strains with neither high nor low immunogenicity showed a preference for any Lewis antigens ( Table 2 ). The results indicate that the antigenicity of H. pylori LPS is unrelated to the presence of the Lewis antigens. IgG subclass of anti-H. pylori LPS antibody. The subclass of IgG specific for high-immunogenicity H. pylori LPS was determined by ELISA using human IgG subclass-specific murine monoclonal antibodies. An LPS preparation derived from H. pylori GU2 was coated onto a microplate as described above. Human serum was diluted 1:1,000 (for IgG1 and IgG2) or 1:300 (for IgG3 and IgG4) with PBST, applied to an LPScoated plate, and incubated at 37°C for 2 h. After the plate was washed with PBST, murine anti-human IgG subclass-specific monoclonal antibodies (500-fold dilution) were dispensed onto the plate and incubated at 37°C for 2 h. Anti-human IgG1 (Fc) (clone 8c/6-39, murine IgG2a), anti-human IgG2 (Fab) (clone HP6014, murine IgG1), anti-human IgG3 [F(ab) 2 ] (clone HP6050, murine IgG1), and anti-human IgG4 (pFc) (clone HP6023, murine IgG3) were purchased from The Binding Site Ltd. (Birmingham, United Kingdom). After the plate was washed, horseradish peroxidase-conjugated goat anti-mouse IgG (HϩL) antibodies (human immunoglobulin adsorbed) (Biosource International) was dispensed onto the plate and incubated at 37°C for 2 h. Antibody binding was developed with the TMB peroxidase substrate system as described above. As shown in Fig. 2 , IgG2 was found to be dominant type in almost all the sera. The results suggested that the titer of IgG Smooth and rough chemotypes were discriminated by SDS-PAGE and silver staining as described previously (2).
FIG. 2. Determination of the IgG subclass of highly immunogenic H. pylori
LPS-specific antibodies in human sera. LPS derived from strain GU2 was coated onto a microplate. Human serum (1,000-fold dilution) was applied to the plate. Subsequently, human IgG subclass-specific murine monoclonal antibodies, peroxidase-conjugated goat anti-mouse IgG antibodies, and TMB substrate solution were applied. Binding activity was expressed as absorbance at 450 nm. the IgG2 class in both gastroduodenal patients and healthy adults. This finding clearly represents a point of distinction between gastroduodenal diseases caused by H. pylori infection and neuronal diseases subsequent to C. jejuni infection.
IgM and serum IgA responses. We examined the titers of IgM (Fig. 3) and IgA (Fig. 4) to H. pylori LPS in sera by ELISA. ELISA was carried out as described above, except that 300-fold diluted human serum and horseradish peroxidaseconjugated human IgM-or IgA-specific antibodies (BioSource International) were used as first and second antibodies, respectively. We used Salmonella minnesota Re mutant LPS (Sigma, St. Louis, Mo.) as a control to determine the level of nonspecific anti-LPS antibodies. The Re mutant has a severe defect in its LPS structure; namely, its LPS consists of lipid A and possesses only one 3-deoxyoctulosonic acid residue. Most individual serum samples contained nonspecific anti-LPS antibodies that were mainly IgM and IgA. We succeeded in showing that nonspecific binding to LPS could be discerned by comparison of the antibody titer to that of the Re-type LPS. The IgM and IgA titers of sera to low-immunogenicity LPS (e.g., CA6) and rough LPS (e.g., CG10) could be attributed to such nonspecific anti-LPS antibodies, as the titers were closely related to the antibody titer of Salmonella Re-type LPS (Fig. 3  and 4) . However, only 3 of 25 patients and 1 of 21 healthy adults with H. pylori infection were positive for H. pylori LPSspecific IgA, and one healthy adult with H. pylori infection was   FIG. 3 . Relationship of the IgM titer of human sera to H. pylori LPS derived from a strain with high antigenicity (GU2), a strain with low antigenicity (CA6), and a rough strain (CG10) and S. minnesota rough (Re-type) LPS as determined by ELISA. Human sera were diluted 1:300. The human sera were donated by patients with gastroduodenal disease (F), healthy adults with H. pylori infection (s), and healthy adults without H. pylori infection (OE).
FIG. 4.
Relationship of the titer of IgA in human sera to H. pylori LPS derived from a strain with high antigenicity (GU2), a strain with low antigenicity (CA6), and a rough strain (CG10) and S. minnesota rough (Re-type) LPS as determined by ELISA. Human serum was diluted 1:300. The human sera were donated by patients with gastroduodenal disease (F), healthy adults with H. pylori infection (s), and healthy adults without H. pylori infection (OE).
positive for H. pylori-specific IgM. The specificity of the IgA and IgM titer to H. pylori LPS was similar to that of IgG; namely, the IgA and IgM antibodies that bound to high-immunogenicity LPS did not bind to low-immunogenicity LPS (data not shown). The results indicated that antibody response to the antigenic epitope was not restricted to IgG but that IgA and IgM were detected in some serum samples. An IgM titer to the antigenic epitope of the high-immunogenicity H. pylori LPS was detected in one H. pylori-infected healthy adult, and IgA titers were detected in a few gastroduodenal patients. As the IgM-positive individual had a low titer of IgG to the antigenic epitope, the individual was most probably in an acute phase of infection. A high IgA titer was more frequently found in the patients with gastric diseases. The IgA response seemed to be related to the mucosal immunity in the gastroduodenal disease state during chronic H. pylori infection.
Significant findings of this study. Recently, H. pylori LPS was shown to have Lewis antigens in the O-polysaccharide chain of its LPS (3, 6-8, 18, 20, 23) . The presence of such epitopes mimicking host antigens was suggested to elicit an autoimmune response (3) . In this study, we carefully examined the antibody response to H. pylori LPS in H. pylori-infected gastric disease patients and in infected and uninfected healthy adults. We proposed that there was an epitope antigenic to humans on the polysaccharide chain of H. pylori LPS. The antigenic epitope was distributed among many H. pylori strains but not all strains. Strains having the antigenic epitope showed high immunogenicity. In contrast, strains lacking the epitope in the polysaccharide chains and rough strains, namely, strains lacking the polysaccharide chain, showed low antigenicity. We found that few human serum samples contained high titers of antibody specific for the low-immunogenicity LPS but not for the high-immunogenicity ones. The titers of IgG to high-immunogenicity LPS were quite similar to one another. The evidence suggests little variation in the nature of the antigen in the highly immunogenic polysaccharide of LPS among H. pylori strains. The antigenic epitope would appear to be a defined structure in the polysaccharide chain of LPS. However, the structure of the antigenic epitope remains to be defined. Appelmelk et al. (3) pointed out the presence of an IgG titer to Lewis X antigen (Le x )-bearing LPS in the sera of H. pyloriinfected patients. However, they used only three strains, two Le x -positive strains and one Le x -negative strain. We have shown that antigenicity was not related to the existence of any Lewis antigens in about 60 smooth strains of H. pylori. Therefore, we suggest that the mimicry of the Lewis antigen by H. pylori is probably not important for antigenicity in humans. This result is also supported by the observation that an antiLewis antigen antibody titer can be detected in human sera independently of H. pylori LPS (2) . Indeed, the anti-Le x antibodies were produced by immunization of mice and rabbits with H. pylori cells (3) . There may be differences in the immune responses between active immunization in animals and natural infection in humans. On the other hand, we found that the antigenic epitope was related to the clinical sources of the strains. The epitope was frequently lacking in H. pylori strains derived from tumors of gastric cancer patients, an interesting observation described in detail elsewhere (24) . However, sera of cancer patients did not contain significantly higher antibody titers to the low immunogenic LPS than those to the high immunogenic LPS. Many of the serum samples from gastric cancer patients contained antibody titers to the antigenic epitope (data not shown).
In conclusion, the epitopes that mimic the structures of the Lewis antigens in H. pylori LPS do not seem to be those that predominate during natural infections in humans. We conclude that the Lewis antigen-related epitopes do not play a major role in the pathogenicity of H. pylori with regard to gastroduodenal diseases, such as chronic gastritis, peptic ulcer, and gastric cancer.
